The Syrian hamster embryo (SHE) cell transformation assay was used to predict the carcinogenicity of 26 chemicals currently being tested in the rodent bioassay by the National Toxicology Program as part of its program titled "Strategies for Predicting Chemical Carcinogenesis in Rodents." Of these 26 chemicals, 17 were found to be positive in the SHE cell transformation assay while 9 were negative. Carcinogenicity predictions were made for these chemicals, based upon the SHE cell transformation assay results. Our predictions will be compared with the rodent bioassay results as they become available. Environ Health Perspect
Introduction
Since the seminal work of Berwald and Sachs (1), Syrian hamster embryo (SHE) cells have been used to evaluate the potential of a wide variety of chemical and physical agents to induce morphological transformation (2) . SHE cells are diploid, genetically stable, of finite lifespan, and capable of metabolizing many chemicals to their ultimate carcinogenic form (3) . SHE cells have also been used in a number of laboratories to study mechanisms of carcinogenesis (4) . Following carcinogen exposure, SHE cells display a multistage pattern of progression to neoplasia that is similar to the multistage progression of in vivo carcinogenesis (4) (5) (6) . Because of these factors, SHE cells are an attractive model for determining the neoplastic transformation potential of chemical agents.
More than 472 chemical/physical agents have been tested in the SHE cell transformation assay (2) . Of these 472
Toxicology Program. agents, 213 have in vivo rodent carcinogenicity data available. Of these 213 agents, 177 were rodent carcinogens and 36 were noncarcinogens. For these agents, the SHE cell transformation assay has a concordance with the rodent bioassay of 80% (171/213), a sensitivity of 82% (146/177), and a specificity of 69% (25/36). Recently, we have modified the methodology used to conduct the SHE cell transformation assay, principally by reducing the culture medium pH from 7.3 to 6.7 (7) . Using this modified protocol, we have tested over 56 chemicals, including 30 carcinogens and 18 noncarcinogens (8) . The SHE cell transformation assay conducted with the reduced pH methodology has an overall concordance with the rodent bioassay of 85% (41/48), a sensitivity of 87% (26/30), and a specificity of 83% (15/18). It is our current position that SHE cell transformation assay data, in combination with other information such as structure activity relationship analysis, genetic toxicity results, and when available subchronic toxicity data and metabolism considerations, can be used for predicting rodent carcinogenicity.
Twenty-six of the chemicals currently being tested for rodent carcinogenicity by the National Toxicology Program (NTP) were provided to us for predicting the outcome of these bioassays using the SHE cell transformation assay. We submit our predictions based upon SHE cell transformation assay results in the hope that the SHE cell transformation assay will become a method used for improved carcinogenicity prediction and risk assessment.
Methods
A description of the protocol for conduct of the reduced pH SHE cell transformation assay was originally published in 1989 (9) . A more detailed description of this protocol is currently in press (7). Briefly, the methods we use are as follows: A cytotoxicity screen is done initially to determine a dose level that produces 50% or greater cytotoxicity, based on reduction in cloning efficiency. This is the top dose tested, with at least four additional doses tested, down to a dose level that causes minimal cytotoxicity. 
Results and Discussion
As part of the NTP program "Strategies for Predicting Chemical Carcinogenesis in Rodents," we tested in the SHE cell transformation assay 26 of the chemicals being evaluated by the NTP in the rodent bioassay. Overall, 17 of the 26 chemicals gave a positive response in the SHE cell transformation assay, while 9 chemicals gave a negative response (Table 1) . Initially, a 24-hr test chemical exposure SHE cell transformation assay was conducted on each of the 26 chemicals. Using this exposure regimen, 14 chemicals were positive (Table 1 ). For those chemicals that were negative with a 24-hr exposure SHE cell transformation assay, an additional 7-day exposure SHE cell transformation assay was performed. Of the 12 chemicals that were negative in the 24-hr exposure SHE cell transformation assay, 3 were positive in the 7-day exposure assay, resulting in an overall SHE cell transformation assay call of positive for these three chemicals. We have previously seen this response (24-hr negative, 7-day positive) with several chemicals in the SHE cell transformation assay (8) . Evidently, chemicals that give a negative 24-hr exposure SHE cell transformation assay result and a positive 7-day exposure result must be continuously present in the culture medium for the induction of morphological transformation. As discussed previously (8) , this pattern (24-hr negative, 7-day positive) indicates a reversible transformation effect that may result from a promotionlike mechanism of action compared to a 24-hr positive SHE cell transformation assay result, which reflects a stable, transforming event.
In addition to SHE results, Table 2 includes rodent bioassay predictions for the 26 chemicals based exclusively on SHE cell transformation assay results ( Table 2 , column 4). The predictions presented in this report are an attempt to demonstrate the usefulness and validity of the SHE assay in chemical carcinogenicity prediction and risk assessment. Our predictions will be compared with the rodent bioassay results when they become available.
